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This declaration is to establish completion of the invention in the above- 
identified patent application in the United States, at a date prior to January 14, 2004, 
the earliest effective filing date of United States Published Application No. 
2006/0064972 (Allen). This declaration is submitted accompanying a response to the 
Office Action dated August 28, 2006. 
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The persons making this declaration are the applicants, Brett Masters, Brooks 
Radighieri, Marcel Huigsloot, Gert Muller, Andries Du Plessis, Marthinus van Schoor, 
Matt Schaefer and Chris Ludlow. 

To establish the date of completion of the invention of this application and 
diligence in reducing the invention to practice, the following attached exhibits are 
submitted as evidence: 

Exhibit A - A copy of a provisional patent application entitled "Subterranean Well 
Lock-In Power Generation System," filed on July 11, 2002. 

Exhibit B - A copy of a letter between a patent attorney and the assignee of the 
present application, transmitting a draft of the application. 

Additionally, the undersigned applicants hereby declare that: 

1. We conceived the invention of the present application prior to the Allen 
patent application filing date; 

2. As shown by the attached Exhibit A, we possessed a complete 
understanding of the invention, including the manner of making and using the 
invention, prior to the Allen patent application filing date; 

3. Diligence was exercised in preparing and filing the present application 
from a time at least prior to the Allen patent application filing date and until filing of the 
present patent application on April 15, 2004; 
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4. As shown by the attached Exhibit B, dated October 29, 2003, preparation 
of the present patent application was in process, and due diligence was being exercised 
in preparing and filing the present patent application, prior to the Allen patent 
application filing date. 

I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code, and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 




BROOKS RADIGHIERI 
Dated: 



MARCEL HUIGSLOOT 
Dated: 
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4. As shown by the attached Exhibit B, dated October 29, 2003, preparation 
of the present patent application was in process, and due diligence was being exercised 
in preparing and filing the present patent application, prior to the Allen patent 
application filing date. 



I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code, and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 



BRETT MASTERS 
Dated: 




MARCEL HUIGSLOOT 
Dated: . 
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4 . As shown by the attached Exhibit B, dated October 29, 2003, preparation 
of the present patent application was in process, and doe diligence was being exercised 
in preparing and filing the present patent application, prior to the Allen patent 
application filing date. 



I hereby declare that all statements made herein of my own knowledge are true 
and that aB statements made on information and belief ate believed to be true; and 
further that these statements were made with the knowledge that willful false 
statements and the tike so made are punishable by fine or imprisonment, or both, under 
Section loot of Title 18 of the United States Code, and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 



BRETT MASTERS 
Dated: 




Dated: ^LOQ_Q^AhOJX- 
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GERT MULLER 
Dated: *°<*M*> 



AN DRIES DU PLESSIS 
Dated: 



MARTHINUS VAN SCHOOR 
Dated: _ _ 



MATT SCHAEFER 
Dated: 



CHRIS LUDLOW 
Dated: _____ 
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Dated: 



MATT SCHAEFER 
Dated: 



CHRIS LUDLOW 
Dated: 
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GERTMULLER 
Dated: 



ANDRIESDUPLESSIS 




Dated: ii|/4|lO^L 



MATT SCHAEFER 



By: Mide Technology Corp; 
11/21/2806 08:00 7138219201 
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Dated: 



ANDRIES DU PLESSIS 
Dated: , , ,- . 



MAKTHUNUS VAN SCHOOR 
Dated: 




Dated:., 



CHRIS LUDLOW 
Dated: 
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EXHIBIT A 



Please type a plus sign (*) inside this box * [T] 

MJ t „ „ CD ._ A PP ro ^for"«through10ai/2002 P OMB065V^32 

PROVISIONAL APPLICATION FOR PATENT COVER SHEET 

Th.s ,s a requestforfi.ing a PROV.S.ONAL APPUCATION 5/r PATENT undefffcf (fSfo 



Given Name (first and middle pf any]) 



Marthinus 



INVENTORY 



Family Name or Surname 



Masters 



Belmont, MA 
Norwood, MA 
Arlington, MA 

i^j — — jMedford, MA 

^ Additional inventors are being named on th<_1_ separately numbered sheets attach* 



Du Plessis 
van Schoor 



Residence 
(City and either State or Foreign Country) 



SUBTERRANEAN WELL L 



mt - E OF THE INVENTION f 280 characters max) 
M POWER GENERATION SYSTEM ' " jL - 



Direct ail correspondence to: 
I I Customer Number f~ 
OR 



CORRESPONDENCE ADDRESS 



Firm or 

Individual Name 



Type Customer Number here 



Place Customer Number 
Bar Code Label hem 



Jason D. Shanske 



City 



Country 



I ZIP 



Telephonel 781-890-5678 



■j™- " ENCLO SED APPLICA TION PARTS (check a„ that apply ) 

XJ Specification Number of Pages I ^7 I PT 
^ _ I 17 I U 00(8), Number 

C] Other (specify) 



S Drawfng(s) Number of Sheets _ 
~~1 Application Data Sheet. See 37 CFR 1.76 



METHOD OF PAYMENT OF FILING FEES FOR THIS PROVISIONAL APPLICATION FOR PATENT 

Applicant claims small entity status. See 37 CFR 1 .27. 
^ A check or money order is enclosed to cover the filing fees 

g| The Commissioner is hereby authorized to charge filing j 1 

fees or credit any overpayment lo Deposit Account Numbe r! 09-0002 
J Payment by credit card. Form PTO-2038 is attached. " 



(check one) 

FILING FEE 
AMOUNT fSl 



UniteSs ZXZ" UnUed StateS 



SI 



sr a contract with an agency of the 



Yes. the name of the U.S. Government , 



agency and the Government contract number are; 



Respectfully submitted, . 
SIGNATURE (1(^4^ 
TYPED or PRINTED NAME Jason D. Shanske 
TELEPHONE 781-890-5678 



1 7//{/caJ 



REGISTRATION NO. j 43,915 

(if appropriate) ZZ^ZZZ^mz 
Docket Number: |_ MIDE-103J 



Th-s if?^ ONLY FOR FILING A PROVISIONAL APPLICATION FOR PATENT 

•p&ffiTS^^ SWafuf ^i&S^ W Vs%^° * - PT ° * P™~> ■ Phonal 

c^mmTn^ P n n P ^ nng> aod s«^i"ins tr* complete provisional IpplkStion to PTO t?™ * f 1™^ to £ ke 8 h °"* to complete, induding 
bSES 8 ?" « J?" amo „ unt of time you squire to complete this fo manto S^,, w vary ^pending upon the individual case. Any 



PROVISIONAL APPLICATION COVER SHEET 

Additional Page 



Under the Paperwork Reduction Act at 1995, no 



persons are required to re 



Approved for use through 10/31/2002. OMB 0651^)032 
rk Office; U.S. DEPARTMENT OF COMMERCE 
it displays a valid OMR Mb ■ E 



Type a plus sign (+) 



Given Name (first and midrito pf any] ) _ 



Matt 
Chris 



INVENTOR(S)/APPLICANTfS) 



Residence 

, (City and either State or Fnr eign Counts 



Burlington, MA 
Boston, MA 



Number 2 0 f 2 



^nnlu N ritH« f0 r at i 0n on Q thiS !° rm may become P ub,jc - Cred * card information should not 
be .ncluded on this form. Provide credit card information and authorization on PTO-2038 
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Invention Disclosure - 16 th June, 2002 
(a) Subterranean Well Lock-In Power Generation System 

Author of the Disclosure: Dr. Brett Masters, Mide Technology Corporation 
Inventors: 

Brett Masters, 84 Fairview Ave, Belmont MA 
Gert Muller, 382 Walpole Street, Norwood MA 
Andres Du Plessis, 9 Everett Street, Arlington MA 
Marthinus van Schoor, 52 Marion Street, Medford MA 
Matt Schaefer, 26 Beacon Street, Burlington MA 
Chris Ludlow, 1 8 Andersen St, Boston, MA 

Assignee: 

Halliburton Energy Services - Subterranean Well Applications 
Mide Technology Corporation - other ■ i 



(b) Background & Cross-references (Patents & Disclosed Art in the Area) 

to be JJS^^^S^^ ^ ^ ««» "* P-ting arms being de/gned 



Prior Art Regarding Down-hole Piezoelectric Power Generators that are Flow Driven 
WO 02/10553 Al Vibration Based Power Generator 

electricity It mi 0( « ZtZt Piezoelectric material, thereby- causing the piezoelectric material to produce 

separate stream wise, generating a differential pressure that acts on the surface of the nieioelectrir ,kZZ ™I 
pressnre differentia! ,eads to strain and eventua, eieetiic, resp^e tinough (JSSSZSSZSZL*. is 
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movable relative to the piezo member to change the direction of deformation of the element In this instance the 

dXS t0fpie ^^ 

Prior Art Regarding Piezoelectric Power Generators 
US 5,703,474 Power Transfer of Piezoelectric Generated Energy 

This patent describes a technique for extracting energy from a dynamically stressed piezo element The nost rectify 

TrgylS 
IxnS 

US 5,801,475 Piezo-Electricity Generation Device 

The patent describes a technique by which to extract energy from a dynamically stressed piezo element The meth^ 
oSpu^^^ 

output means, powered only by the p,ezo element, for receiving all the electrical charge accumulated in the accumulator. 
Prior Art Regarding Piezoelectric Mechanical Leveraging 
US 5,907,21 1 High Efficiency Large Stroke Electromechanical Actuator 

wl P n?elt S W b r, an 2CtUa f , mechanismb y to l^er small piezoelectric motions into large amplitude motions 
nTh w h n 1$m 13 ° n f P ° SSibIe embodiment of a P iezo leveraging technique that we could use, in series with other 
US 4,769,569 Piezoelectric Stack Motor Stroke Amplifier 

^L P ™ ent f SCribeS l n ^ emcm of P iezo stack events and a mechanical leveraging technique with which to 
obtam gamed motoon from the limited piezo electric morion. This mechamsm is another pLibteSSSrf^fczo 

SEES ^ ique we C0Uld m series other mechanicaI levers > » b^JuSIS fu tSS 

body morion mto p.ezoelectnc material strain energy. In of itself it does not provide wfficfcm^^SS^ 
US 4,808,874 Double Saggital Stroke Amplifier 

Pertinent other references: 

1) Blevins, Robert, Flow-induced vibration, Van Nostrand Reinhold Co NY 1977 

239S9 in8 EnergyFrom **™*Fta». NASA Tech. Briefs, Spring 1980, Vol. S.No.l, MFS- 

3) Partouwn, Geoffrey, Phenomena and Modelling if Flow-induced Vibrations of Bluff Bodies, 
Progress m Aerospace Sciences, Vol.26, pp. 169-224 1989 

4) Jaffe B ; Cook, W.R., Jr; Jaffe, H.. "Piezoelectric Ceramics," Marietta: R.A.N. Publishers- 1971 

5) Physik Instrumente web site, www.phvsikinstrum^t. ™ m ^uoiisners, iy/1. 

6> tSJT^ 08 ° f Rd ^ 0r " Based Pi^oelectric Single Crystals for Ultrasonic Transducers »/££* 
irons, on Ultrasonics, Ferroelect. andFreq. Control, 44(5): 1140-1 147 (September 1997) 
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(c) Summary of the invention. 



pfezoeJ^^^ meCl T Cal ^ is efficientl y levered to relatively small, allowable 

P1 ez 0e lectric element, cap.talizes on the large amplitudes and rates produced by the lo LSmLp 
dfsXe? Sme °IT COi1 ' C ° Uld ^ ^ ** ^ Uf?b ° d * «^£2y cSS 2£ the 



(d) Brief description of the several views of the drawing, if there are drawings. 

Fig. 1 Shows prior art (Figure 1 from WO 02/10553 Al) 
Fig. 2 Shows prior art (Figure 1 from 6,01 1,346) 
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Fig. 3 illustrates the Lock-In Power Generator - implementation of piezo element supported beam 
Fig. 3b illustrates the systematic power production overview with piezo sources 

Ffc 3d iwfr * l°™ ? nerat0r_ im P leme ^ion of bluff body connection 

Fig. 3d illustrates the Lock-In Power Generator - prototype magnetic implementation 

Fig. 4 illustrates flow interaction with the bluff body 

Fig. 5 is a plot showing the lock-in flow range 

Fig. 6 illustrates typical forcing coefficients from Blevins (for air) 

Fig. 7 illustrates Lock-in power generator pipe implementation (offset from main bore flow) 

Fig. 8 illustrates the preferred mechanism for leveraging piezo elements 

Fig. 9 prior art - another mechanism for leveraging piezo elements 

Fig. 10 another mechanism for leveraging piezo elements 

Fig. 1 1 illustrates flow diverter embodiments 

Fig. 1 2 illustrates functional bluff body head shapes 

(e) Detailed Description. 

««. ^J?* P i e / oeIect T c effect was discovered in the 1 890's by Currie. The effect found no real applications drive until 
the econd world war when over 30 million devices were constructed for communications pumoses TheLTvSs were 

™rh» Jli7Z describ , ed ' and kaown in art P rior *» 20 years ago, that electrical power was available from a 
ZfZml tr ar ; ,eZOeIeCtr L C deme r K T a !f° ° bVi0US th3t mechanical ™™> *** «*» of flucStS forces 
2 hi b SavSd S?' t ratt T (m T' ° r dirCCt StrCSS) ° r fl ° W (timC dependent pressures > environment Prior 
SowTcenanos tZt f meCh3mCaI ^J** ™ ' Subtfirranean we » environment, as it does in most conduit 
HlXt.hf" k piezoe ' ectnc means should ° e «>>fc to extract energy from it. This is generally true but no 

SETJlT^ m ^ ^ t0 d3,e that d ° iD an efficient manner - ^ re mains is the dLTopmem of a 

device that efficiently extracts power from such environment to make it a worthwhile pursuit. Qeve,0pment ot a 

be mrbuW Tv* d6SCribeS 3 deVke * at efficiCntIy CXtraCtS P° Wer fr0m flow " 1** flow do « ««t necessarily have to 

£2^££,7 ?h y pre ; exist,ns pressure ^ff b - 1116 device when coupIed to «* flow resuits * d ^ 

SSSSSS.S" Ti! 0nS - ^ ? 1,1111 C t Upkd t0 dynamiC StrcSSing of P^oelectric elements where the power is 

^ P . ieZO t ieCtnc effect - or , cou Pj ed to P^ent magnet motion, where power is extracted in 
accordance with Lenz s law relating change in potential to change in magnetic flux within a coil. 



07/09/02 



4 



Mide Proprietary 



Midi Technology Corporation • 1 „ 

Proprietary 

It is typically an object of a pipe flow scenario, be it subterranean or other, to provide a flow path with minimal 

nunta iSS ° bjeCt * inVenti ° n t0 pr0vide aQ ™™ faction mechanism wTtf 

ZZi rrT P 3Cr °f ^ u Ct SeCti0D b Which if iS ^"""nted, and thus, when combined with an effective 
coupling mechanism, provide the best efficiency of power extraction for a piezoelectric device. 

Figure 3a through 3c shows the invention. Typically flow is expanded into a cross section that is larser that the 

interacts with flow mstabihty to result in what is known as lock-in motional response. The response is a coupled driven 
resonance and maybe described by a limit cycle oscillator. P P " ™ 

oiezoelecIS " '^/f P eizoeIectric e,emen ^ be it either through flexible means, where the 

Sd^aSSTfTf I? ^ T blhty ' ° r SubstantiaIly ri § ld raeans > wh ^ the piezoelectric elements 
provide the majority of the flexibility. In either case the mechanical resonance frequency of the body is designed to be 
commensurate with the flow instability frequency for a range of flows. e °oay is designed to be 

cl^cJ^^LTr^ " mechanical P ower ' ° f *e piezoelectric elements are converted to 

W^i P °^ ° S , r fy fl 0r S ° me SUCh - meanS P iezoel ^tric elements connected in series, or parallel to 
^St^£T' 1 ' ^ ** pieZOdeCtric etes ™y be mechanically in series but electrically J 
Seal loTd C Pr0dUCU1S ^ ° UtpUt V0lt3 ^. Riding maximal power for'a given 

nrnvirfe, SfSL- * ^ permanent ^S™ 13 be used in a pivot arm design. In this design the flexure 

n™ P n^ ^ {0T ^ meChaniCal reSOnanCe ' but this ^ also be P rovided by leveraged piezos. The 
cvcTZn^f T PkCed m 3 P ° Siti0a Where * e inmial a ^ litude of the ^ maximized, for reason ble life 

J T PPO* The magnets contribute to the inertia about the pivot flexure and dierefor 7e flewe 

Lock-In Flow Phenomenon 

It has been known since the 1970's [Hartlen-Curriej that under certain circumstances flow can induce dynamic 
clast ' call ^^edbody. Above a critical value of local flow speed, steady flow a^ 3 L body 2S£ 

Th ^. Iock - i " P^nomenon is when the obstructing bodies lateral dynamic motion controls the vortex sheddins 

where ^bod S v Z'lT* T for ^ ™ SeCti0n b ° dy " ^ occu " » the resonance regfm 

where the body s mechanical resonance frequency is close to the vortex shedding frequency. 

lift Shed fr ° m b0th SMeS ° f * e b0dy interlace ^win-wise in the wake resulting in a harmonically varyin B 

fn^in a , h h f °. r T ° Q b ° dy ' C ° Uple ^ 46 inertial and te lift forc « to result m resonanTkTmoLn S 
grows in amplitude with flow rate in order to achieve some balance. , 

function ^i^^^^"^ ^ aS a 0f ^ ^ ^quency, / is a 

for, ^ 

10 2 <Re<10 5 , Re = — 
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where U is the local impinging stream velocity, D is the characteristic dimension of the bodv V is the Id™*. 

unde S irawVnr«^T ge ° US ^ t0 F P ° WCT f ° r COnduit flows as Iow as PossM e while not causing 
SSJS P T SS 1116 im ^ emented section ° f «««h>it To achieve this the bluffbody head" mounted so 
pipe struck " M mtmSIVe mt ° * e imemal C ° nduit diameter " 7d shows ™ «l without sTounduTg 

Mechanism of Leveraging Bluff Body Motion into Piezoelectric Element Strain Energy 
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It is established that at certain flows wake instabilities will interact with mechanical resonance tn ™.Tt ;„ i „ v 
in phenomenon. It is an object of the piezoelectric embodiment of this invention to p oS s^Z with a^rocriat 

STff h Sy - embodiment can be descnbed by a series of two complimentary levers that serve to eain down 

fndt*^ 

Pivot Arm 

It is an object of the pivot arm to lever the fluctuating flow forces on the bluff head into hieher force, n^r a. 
p.vot pomtwhist being constrained to achieve an overall mechanical resonance freq nc of le device 
th™ 5S " f m ^ 0nS leV6raSed d °™ t0 STOaIler motio - ttep^^i^L™ factors in 
£ve^L rl H f ^ PiVOt am iS SubstantiaI1 >' ri ^ d w ^ combined with the Jiezo ebnSSSSl 

slowest, due to boundary layer and other turbulent effects of diverted flow at such Reynolds 

WrH«l ? substantiall y ri S id its contribution to the overall mechanical resonance is substantial 

SSST 1 2 n* * ghtWdght ^ Str0ng in 0rdCT t0 bcreaSe ^ overa » d ™« fh««uS^STS a 
given frequency, allow maximization of strain energy in the supporting element ^quency, or, for a 

elastic J^st^t^° diment ?\ iTm J* fleXiHe » Which casc its desi S* contributes both inertial and 
overall power generation performance it may be a desirable design feature for increasing ^SS^^T 

Further leveraging is required to match the available piezoelectric element stiffness and therefore ,™vi„™ * 

rotation. With careful design this is performed while ensuring long life of tne flexuref ^ P 

Piezoelectric Element Mechanical Leveraging 
The pivoting flexures transmit load to levered piezo elements The leve«»H rU™^* ■ n u i 

V 

^ is the element strain energy, V is the piezo material volume, G> is the frequency of fluctuating strain 
energy, K >i s the squared material electromechanical coupling coefficient, and rj is the effective electrical conversion 
efficiency from available piezoelectric electrical energy to desired load voltage and current. 
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To produce power at a given response frequency it is advantageous to maximize the volume integrated strain 
meXLallv T- T^' T ° ^ ^ ^P-^^c material that supports 

nr^^ f: Wystem is needed so that low stiffness can be realized from high'stiffness elements A 
and S 13 *T in Fi8Ure 8 " HerC ^ P iez0 Stack eIements are ™*»ed between a rigid 

< u T m ° Vmg ^ ^ dementS 3re COnflSUred 35 Stacks and « located in side ^ side with 

substantially the same cross sectional area and length with opposing ends connected to the moving frame In this 
configuration the two elements share the gained load along their long axes, with the individual element displacements 
adding according to geometric constraints to give the displacement realized at the pivot ann^omeTt pomt 

in ™«. J re °f 1CCtriC dementS ^ constructed ^ la y erin 8 ™ny wafers in mechanical series, but electrically 

t!^^ ^' 7 ^^"^"^ - ThC ^ layers the lower *« stress Stages Si/ 

the fluctuating stress induced currents. It is an object of this invention that stack construct is chosen judicious to be dose 

bvtck con? I*'* ? f * e CVentUal eleCtriCal l0ad ' SeC 3b ' Ifelectricl cemJ*^bT.v^ 

m^r r Swi£ 

The rigid base of the device shown in Figure 8 is affixed to the conduit and the moving frame is connected to the 
K ?££ 3 fl " T r dir l cti0nal stiffness so « «> *-mit substantially longitudinaf foZ Fi^TeS stws 
to^S^f T VU1 , g T r ° tateS rdatiVe t0 ^ baSe Stn,cture about an «* determined by ablade 

Ion. «ri, iTf a! deVke Sh0Wn in ^ gUrC ? ^ mechanism levera § es to resultant pivot arm forces into forces along the 
long axis of the p,ezo elements. The net leverage factor is approximately 15, so that the shared-load factor is 7 5 for 

XfiSf £ ^yr 1 ^' StiffneSSCS < to a PP Iied load " ™ e correspondu^g pivotarm 

displacements are levered down to small equ.valent piezo element motions by the same factor Overall device sSfSs as 
seen by the pivot arm can be described by the following, S M 

2^ . 

where 7/™™ ranges between zero and one and is the cut down factor from the effect of finite moving frame stiffness, 
is the piezo element stiffness and A 1 is the squared lever factor. In the given design TJ frame can be made to be 
nearly one by making the moving frame and base structure from very thick, rigid, constructions. In the preferred 
embodiment Tj frame is greater than 0.8 so that the forces from the lock-in driven device are focused into the strain energy 
of the piezo elements. 

excent thaHn Jf?™*** devicei i essentia "y to the device given in prior art (Hall, 5,907,2 1 1 shown in Figure 9) 

arran^n/ 1 ! 6 ™ chanistic "> & e device sbown * Fig«« 8 comes t6 bear due to the small angle geometric 
S cTnll^rT 1 ^ th3t 'T'f, 3 r ° 1Iing C ° ntaCting ^ 3t ° ne end 0f to first P iezo elem «nt and the 
^^^Tr t ° PP0Sm u E t nd u° f ^ SeC °" d Piez ° element ' 7116 P iezo elements each have rolli ng contact 
* J? ' T^" 6 t0 both to movmg frame and the rigid base structure. The piezo element rolling 

SSX^Sl™ C ° ntaCting baU end ca P' with ^ - d -s - compared tothe width of the piezo 

element, and central pinhole for alignment with the mount points. 

connectinJtTril? 15151 H d ? ^ contac ?8 surfac es and piezo elements by pre stressing a beam, the tip of which is 
SSS^T displacement end of the moving frame. The preload acts across the rolling contact surfaces to 

si nSJTn ^ ^ 13 neCCSSary t0 ™ ke ** ***** contact surfaces load carriers over 

small pivoting angles and is also necessary to render the lever capable of reacting bi-directional fluctuating forces 
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crystal piezoelectric l!S " ^ Matr ° C InC " Hlgher C0U P lin S "efficients are possible with single 

crystal piezoelectric materials as is reported in "Characteristics of Relaxor-Based Piezoelectric Sinele Crystals for 
Ultrasonic Transducers," IEEE Trans, on Ultrasonics, Ferroelect. and Frea. Control ^SH^sSaEL ^ 
However, the later are restricted to lower temperature operations due to Slower O^^^^S^T^ 

the BaO^^^T^ ^ "* f^ 1 ^ { ° aChkvC ^ StiffilCSS reduction and effic «nt leveraging from 
Here a double ver "? ""J 0 " ° p,C f °u ^ ^ An ° ther IeVera ^ mec hanism is shown in FfeiT 

.h;,,^ 3 ^, d l ViCe ° f FigUFe 8 (and FigUre 9) a preload 563111 ^ be «ed to apply load to the device via mechanical 
c— 

point a softS^stelt 5T P ° SSible " ^ 'T^' if ^ ^ are m ° Unted forther from * P*« 
ta^^S^TSil^* mech ^esonance frequency (for a given head and pivot arm length etc 

SS^ta^S^ST^ S T r0t3tlonal f lffnCSS 35 SeCn by the Piv0t arm >- A softer lev « couH be realized 
and S S 5 Sma " er C [° SS SeCtl ° n area - At the outward mounte d lotion the device displacements are hisher 
and resulting higher strains, but the combined effect of reduced stiffness and larger strains exactly balanced vWrfS 

eventually we will not be able to support the necessary loads because the elements will be too long and too thin. 

section ^^^32? m ° Unt Cl ° Ser , t0 P T 3 Stiffer !eV6r COuld be used " More material cross 
2^£J?£S3L r r § ?° Weve V n 1,115 case > ™ ^ piezo material volume improving 

be mcrease^to^lf™ ^ t0 k" 8 *' ^ incneascd inertia > P iezo Iever would need to 

contained to Z -^T* ^ ^ be volumetric S a ™' However, the bluff head 5 

constrained to displace within certain amplitudes defined by the flow channeling, and therefore the longer the arm the 
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smaller the maximum amplitude of lever motion. If the arm length was doubled then four times the stiffness is needed m 
SSSSr ^ ^ COrres P 0ndi ^y only one half the driven displacements aTnow Sab e anf 
SE^T n ° m ? 3S ? m , Stram r rgy - ^^"y we ^ ^e gained by implementing a stiffer Ie^er by 
increasing the p lezo material volume, but within packaging consttaints this is not possible 

Mechanism of Leveraging Bluff Body Motion into Magnetically 

m nh^t^u- Sh6d ?" 31 IT™ fl ° WS W3ke mhm ^ "® int ^act with mechanical resonance to result in Lock- 
in phenomenon. It ,s an object of the magnetic embodiment of this invention to provide a system with aroiomfete 
mechanical resonance frequency whilst not compromising leveraging of the bluff head inodS^SSSetfc 

voltaee Attth^T P ° wer is achieved ** ™Moa of a magnet through a coil to produce a 

cotTnt to obS i T., 3 ^ f C0 „ nStra,mn S one etld of the flexure and utilizing the flexures rotational spring 
SeterSned h vT k ^ acCOm P llshes T ^ total moment of inertia for the system can be 

t eSc m / a * S n °l COntnbutions from the bIuff ^dy, the magnets and the pivot arm that coiectTthem to 

the elastic means. The moment of inertia is then used to determine the required rotational spring constant 

f=(l/2TC)*((Ke/ir.5) 

botf slTt t%£FT? 7 gUe l matCrial " high aS Cnergy dCnsity 35 P° ssibie ' such as Neodymium^iron- 
£S 1°^ ^/^ts from the magnet material can be reduced. In this way the frequency and amplitude of the 

tZe^ilZ^ ^ ^ frCqUenCy t3rget " Pr ° duced by the Strouhal ^™ * giveTflow rate 
the required rotational spring constant for the system can be found. Using this required rotation sprint- constant the 
required area moment of inertia for the flexure is P S constant ' 

Ifl.«™ = (Ke*Lf)/E 

Where L f isthe length of the flexure and E is Young's modulus for steel of which the entire system is constructed Tho 

caXc™t° a be H desi r d for Iife - strains computed for a ^i^SSSb^SStS, 

can be computed and used as a constraint to keep the flexure stresses within a long life range 
An implemented design is shown in Figure 3d. 

The maximum magnetic flux for given permanent magnet can be approximately calculated. 

♦n«-.B*A 

Assuming a sinusoidal output for the system, the magnetics can be modeled as follows: 

dfdt-$ mi *o)*(siii(a»t)) 
The voltage produced in a coil of N turns is simply then: 

V = N*(d<i>/dt) 



across the output leads. 

In reality, locl< 
fc-hatmemagnetwmnotgoa^ 



iVS^J^Tf ! Pla 'T entS Wi ! 1 n0t , pr0duce . a !i ne Wave volte 8<=- but rather a rectified sine wave due to the 
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Demonstration 

^dS^^^ 

greater than 1.25 inch depth. A substantia^ long SaSanT^ch » * °° "J"" ^ keyWay ^ a ^ 
employed at the upstream end Down stream Zt fht t , ' mp £Xpands Core flow into ^ keyway is 

restrictor. The local flow resScto ^aC^ fnTll '77 P ™ t0 ^ bIuff ^ head * » »ocd floe 

keyway widm and nwg^ 

located 

w ld th and stream wise length are of the same oE taT on " ^ ^ ^ ** ^ head 

Piezoelectric Means 

levers are mounted annularly^t thTr^^^^^Ji ° f pe * k r ° tation am P litu ^- The piezo 

inches from the pivot point The mJzo\L™^ ^ n t ° f ¥f P ' VOt ^ and are affixed ^stance 0.25 
rotational stiffness at the plv^t ^ ^ ^ 5 °° *** Stif&ess a of roughly 60 Ib-in 

"hievedis^ 

power is produced. Po^^^S^STcIT- i° GPM " At I? ° GPM rai * I6 - 20 mWath of 

drop was^^ur« PM * PrCSSUre dl0p of °- 1 2 5 psi was measured across the whole section. At 2 10 GPM 0.5 psi pressure 
Magnetic Means 

back to the core eZut as i^ ™se befrm — ^> M *<^ 
magnet end causing deleterious "eS "dMara » Figures 7, rather than flow around the permanent 



Other Embodiments 



core 



n be achieved at the expense of pressure 
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drop across the overall section. One way to achieve this is shown in Figure 1 1. In this case rings of 1/8* inch thickness 
are placed along a length of the inner diameter of the conduit. Flow is Averted, as is shown b/ana y s and p n ti« bto 
the keyway and speeds are higher near the bluff head. Another way under inve^rton^i^^SSS 
cover that extends across the conduit bore when loaded by flowpressure and rttiL ^pSS^dSSLn 

worked tfsu^ 

PvH^t J"* fUnher 7 b ° diment an u P stream w ake excitation device maybe employed to aid in lock-in device 
TorT^^^^^ 

on the blu^dvi Je^d^f ^nl^T se P arat «* off from the core conduit flow before impinging 

on tne Mutt body head. As mentioned before conduit flow restrictors or retractable diverter plates may be used. 

utilize hiSe" ^n^t^tT^^ ™™ reiaxor P^oelectric materials are employed to 

dt^i jola/ coeeficients. Reiaxor piezoelectric matenals include, for example PWZr, NMO PfcTin /p™ 

M» fwi! ffc 6 ?^ eolbodime,,t of nla S" e < ic o"«r types of pemamem imgnot material is used A election 

^»a£;S 



Material 


Strain-field 


Charge- 


Coupling 


Short-circuit 


Short-circuit 




coupling, 


strain 


coefficient, 


modulus, 


compliance, 




d 3 3 , d 3! 


coupling, 


k33.k 3l 


C E J3, C E ||, C E |2. C E u 


S E 33, S E n,S E , 2i S E |j 




(pm/V) 


g33 , g31 




(xl0 l0 N/nr) 


(xl0' l2 N/m 3 ) 






(mV-m/N) 








PZT-4* 


289, -123 


26,-11 


0.70, -033 


115, 13.9, 7.8,7.4 


15.5, 12.3, -4.0, -5.3 


PZT-5H* 


593, -274 


20, -9 


0.75,-0.39 


H.7, 12.6,8.0, 8.4 


20.7, 16.5,-4.8,-8.4 


5mg-/e Crysta/* 


2000, -1000 


44, -21 


0.91, -0.50 


10.5. 11. 1. 10.1, 10.5 


108.0, 82.0. -28.5. -51.0 



Table 1: Properties of selected piezo electric materials 

Notation is standard IEEE notation for piezoelectricity. Material is transversely isotropic. Cut quoted by manufacturer is 
*data according to Morgan Matroc, Inc. TP-226 

data according to TRS Ceramics for PZN-4.5%PT, Inc. htto://wvvw.Tsr^ m ,v c m „ 
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(f) Claim or claims. 

What is claimed is: 



1 . A lock-in power generator comprised of 

a fluid conduit configured for flow of fluid therethrough; and 

a bluff body residing in the conduit, the bluff body being exposed to the flow from 
which it sheds unstable vortices in its wake, the bluff body being supported by flexible 
means, and the bluff body being configured such that it can move in relation to the fluctuating 
forces generated on the body in response to the vortex shedding; 

a flexible support means that, when combined with the' overall inertia of the moving 
body and support, gives rise to a mechanicaTresonance, the mechanical resonance frequency 
being consistent with the shed wake frequency over a desired range of flow; * ' 

a plurality of piezoelectric elements comprising a substantial portion of the flexibility 
of the flexible support means, the piezoelectric elements generating electricity in response to 
the fluctuating strain induced by the Iocking-in of the wake frequency and the mechanical 
resonance. 



2. The generator according to Claim 1 wherein the fluid conduit is a pipe such as that used in 
subterranean oil and gas production, wherein the fluid flow is a mixture of hydrocarbons 
water and gas constituents. 

3. The generator according to Claim 1 wherein the bluff body substantially resides in a cutaway 
section that resides adjacent to, but not disjoint from, the main core of the conduit such that 
the core flow „ largely unobstructed, the section being an essentially expansion of the core 
flow over a limited fraction of the annulus, the section entry and exit being designed to 
maximize the flow speed impinging on the bluff body head. 

4- The generator of Claim 3 where a local flow restrictor is placed just upstream of the bluff 
body m the cutaway section so as to raise local flow velocity prior to it impinging on the 
body. ' " 
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5. The generator of Claim 3 where flow restrictors are placed in the path of the core flow in such 
away as to restrict core flow and therefore create higher flow speeds in the cutaway section 
where the bluff body resides. 

6. The generator according to Claim 1 wherein the bluff body substantially resides in a 
completely separated flow section that resides disjoint from and along side the main conduit 
such that the core is unobstructed. 



7. The generator of Claim 6 where flow restrictors are placed in the path of the core flow in such 
away as to restrict core flow and therefore create higher flow speeds in the separated section 
where the bluff body resides. 

8. The generator of Claim 6 where a local flow restrictor is placed just upstream of the bluff 
body m the separated flow section so as to raise local flow velocity prior to it impinging on 
the body. 



9. The generator of Claim 1 where the bluff body cross section shape is designed to maximize 
the sensmvity of the lock-in phenomenon, the bluff body having at least one face making an 
incident angle with the local flow, the body having edges or substantial surface gradients with 
respect to the flow such that vortices may be shed downstream, the body having substantial 
surface area downstream of the location of vortex detachment such that the alternating shed 
vortices cause fluctuating reaction forces against the body. 

10. The generator of Claim 1 where the bluff body is supported by pivoting arm that is 
substantially rigid with respect to the flexible means that supports the rotation of the arm. 

1 1. The generator of Claim 10 where the support arm is designed to reside in a region of flow 
which is lower than the average flow speed impinging on the bluff body thus minimizing the 
effects of the arm geometry on the lock-in phenomenon. The arm residing substantially in the 
boundary layer of the expanded flow. 



12. The generator of Claim 1 where the bluff body is supported by a flexible arm such as a I 
the bends in response to the lock-in induced forces. The beam sharing the strain energy 



beam 
with 
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leveraged piezoelectric means that supports it, either mounted geometrically supporting the 
beam or residing wholly within a separate leveraging mechanism. 

13. The generator of Claim 1 where the piezoelectric elements are combined with essentially 
ngid elements to provide leveraged flexible supporting means, the supports having such 
stiffness, when mounted in appropriate location, so as to interact with the system inertia to 
yield a mechanical resonance that Iocks-in with the wake frequency over a desirable rang of 

14. The generator of Claim 13 where the leveraging means comprises of one moving frame and a 
ngid supporting base, the moving frame being mounted by flexure to the rigid base so as to 
provide geometric leveraging of the pivot arm motion into piezoelectric element strains, the 
piezoelectric element ends being mounted vja rolling contacts between the moving frame and 
the ngid base, the combined piezoelectric elements and moving frame system being 
prebaded by an external spring so as to engage the rolling contact surfaces and significantly 
load the overall system to accommodate the motion induced by fluctuating loads applied to 
the moving frame end. 



15 'us e 5 ^n ° f ° laim 13 WhCre ** l6VeraginS means c ° mprises ° f that * ven in Prior 

16. The generator of Claim 13 where the leveraging means comprises of a single body of material 
cut to support (one or) two independent piezoelectric elements, the body being substantially 
ngid apart from two independent flexures that support rotation of the body elements relative 
to the piezoelectric elements, the flexures supporting substantial load transfer along their 
length while allowing rotation that results in high geometrical gain factor from applied body 
motion to piezoelectric element strain, the piezoelectric elements mounted to the body 
through rolling contacts that essentially transfer only axial load to the elements and are made 
effectual through application of pre load, the body being wholly supported in the region of 
one end of one piezoelectric element and the other body parts, as connected by flexures and 
the piezoelectric elements, moving in concert with the applied forces to the adjacent body 
section. 1 
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********************** P , . ^ , . 

Claims pertaining to magnetic means****************** 

1 7. A lock-in power generator comprised of 

a fluid conduit configured for flow of fluid therethrough; and 

a bluff body residing in the conduit, the bluff body being exposed to the flow from 
which it sheds unstable vortices in its wake, the bluff body being supported by flexible 
means, and the bluff body being configured such that it can move in relation to the fluctuating 
torces generated on the body in response to the vortex shedding; 

a flexible support means that, when combined with the' overall inertia of the movin* 
body, glV es rise to a mechanical resonance, the mechanical resonance frequency beine 
consistent with the shed wake frequency over a desired range of flow; 

a plurality of permanent magnetic elements and wire coils mounted relative to each 
other on the motional parts and corresponding- locations in the conduit such that flow forces 
induce relative motions between the magnetic elements and the coils generating electrical 
potential and current flow in the coils. 

18. The generator according to Claim 17 wherein the fluid conduit is a pipe such as that used in 
subterranean oil and gas production, wherein me fluid flow is a mixture of hydrocarbons 
water and gas constituents. 

19. The generate according to Claim 17 wherein the bluff body substantially resides in a 
cutaway section that resides adjacent to, but not disjoint from, the main core of the conduit 
such that the core flow is largely unobstructed, the section being an essentially expansion of 
the core flow over a limited fraction of the annulus, the section entry and exit being designed 
to maximize the flow speed impinging on the blufTbody head. 

20. The generator of Claim 17 where a local flow reatrictor is placed jus. upstream of toe bluff 
body ,„ toe cutaway section so as to raise local flow velocity prior to it impinging on the 

21. The generator of Claim 17 where flow restrictors are placed in the path of the core flow in 
such away as to restrict core flow and therefore create higher flow speeds in the cutaway 
section where the bluffbody resides. 
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22. The generator according ,o Claim 17 wherein the bluff body substantially resides in a 
complete* separated flow section .hat resides disjoint from and along side the main conduit 
such that the core is unobstructed. 

23. The generator of Claim 22 where flow restrictors are placed in the path of the core flow in 
such away as to restrict core flow and therefore create higher flow speeds in the separated 
section where the bluff body resides. 

24. The generator of Cairn 22 where a local flow restrictor is placed just upstream of the bluff 
the body SCParate<i ^ XCtim S ° " '° '° CaI ^ Ve '° City Prf0r ,0 " impinginS ° n 



25. The generator of Claim !7 where the bluff body cross section shape is designed to maximize 
the sensmvity of the look-in phenomenon, the bluff body having a. leas, one face making an 
modem ang le with the local flow, the body having edges or substantial surface gradients with 
respect to the flow such that vorite may be shed downstream, the body having substantial 
surface area downstream of the location of vortex detachment such that the alternating shed 
vortices cause fluctuating reaction forces against the body. 

26. The generator of Claim 17 where the bluff body is supported by pivoting arm that is 
substernal* rigid with respect to the flexible means that supports the rotation of the arm. 

27. The generator „f C ,aim 26 where the support arm is designed to reside in a region of flow 
which ,s lower than the average flow speed impinging „„ me bmbody ^ fte 
effects of the arm geometry on the lock-in phenomenon. The arm residing substantially in the 
boundary layer of the expanded flow. 

28. The generator of Claim 17 where the bluffbody is.suppor.ed by a flexible arm such as a beam 
that bends m response to the lock-in induced forces. The beam sharing the strain energy with 
means that supports it. 

29. The generator of Claim 17 where the permanent magnet elements reside in a location to 
maxnmze the relative rate of change of displacement between the elements and 
corresponding wire coils, within the conduit flow path limitations. 
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KONNEKER& SMITH 

A Professional Corporation 
REGISTERED PATENT ATTORNEYS 

J. Richard Konneker 660 N. Central Expwy., Suite 230 Tel: (972) 516-0030 

Marlin R. Smith Piano, Texas 75074 Fax: (972) 516-0608 

E-mail: marlinsmith@earthlink.net 



October 29, 2003 

Scott Wendorf, Esq. 
Attorney - Intellectual Property 
Halliburton Energy Services 
P.O. Box 819052 
Dallas, TX 75381-9052 

Re: Draft Patent Application 

Our File No.: HALB-2003IP009957U1USA 
Your File No.: 2003-IP-009957 Ui USA 

Dear Scott: 

Enclosed herewith is a copy in draft form, in both written and electronic media 
formats, of the above-identified patent application. As we discussed by telephone today, 
I will transmit the draft application to Mr. van Schoor of Mide Technology Corporation 
to coordinate review of the application by the inventors (listed on the first page of the 
application). 

I will keep you advised of the progress of the application review. When the 
application is approved by the inventors, I will transmit appropriate Declarations and 
Assignments (assigning the invention to Halliburton) to Mr. van Schoor for execution by 
the inventors. 

A related application (2003-IP-009957 U_2 USA) having only Halliburton 
inventors is being mailed to you today, as well. The U2 application should be filed 
concurrently with this Ui application. 

Very truly yours, 
Konneker & Smith, p.c. 



Marlin R. Smith 
Enclosures 



